We observed fine surface morphology of silicon carbide wafers using a low energy scanning electron microscope (LESEM). Typical kinds of surface defects were observed by LESEM. After low temperature KOH treatment, it is confirmed that positions of etch pits are the same positions of these defects. Correlation between LESEM imaging and cross-sectional scanning transmission electron microscopy (STEM) of the same defects reveals threading dislocations and basal plane dislocations at the core of the defects.
Introduction
Silicon carbide (SiC) is a material expected to be used for high performance power devices. In order to improve the device performance of SiC, it is necessary to decrease defects such as dislocations and stacking faults in a SiC wafer. There are some conventional methods to inspect crystal defects. Etching by molten KOH is a general inspection method of SiC crystal defects in a wide area though it is destructive and its spatial resolution is insufficient. Photoluminescence and X-ray topography are nondestructive methods, but their spatial resolutions are also insufficient. Recently T. Hatakeyama et al. reported that surface defects on SiC, which were observed with a differential interference microscope, were derived from dislocations [1] . This report suggests that an effective method to inspect the surface of a SiC wafer is with a high resolution microscope. We observed surface morphology of SiC wafers using LESEM, which is effective at analyzing nanometer scale surface morphology [2] . In this paper, we report on a relationship between dislocations and the surface defects revealed by LESEM.
Experimental method
We used a n-type 4H-SiC (0001) Si epitaxial wafer with an 4° offcut toward the [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] direction. At first we inspected a SiC epitaxial wafer surface using LESEM. Typical kinds of surface defects revealed by low temperature KOH etching were analyzed using STEM analysis [3, 4] .Surface inspection was performed using an Hitachi SU8220 SEM, with an incident beam energy of 500 eV and imaging with the backscattered electron (BSE) signal. We estimate that surface morphologies less than about 2 nm in height are detectable.
After LESEM inspection, the wafer was etched with molten KOH at 400°C for two minutes to form etch pits. Etch pits were observed via the SEM with an incident energy of 1 keV. The positions of etch pits were found to correlate with the positions of surface defects. Several etch pits were prepared into electron transparent membranes of about 500nm thickness using an Hitachi FB-2200 focused ion beam system utilizing the micro-sampling method [5] . The samples were subsequently analyzed by STEM using an Hitachi HD-2700 dedicated STEM operated at 200keV.
Result and discussion
LESEM surface inspection of the SiC epitaxial wafer revealed growth steps were visible by LESEM and that surface defects, which perturbed the growth steps, existed on the wafer surface. LESEM images of three typical kinds of surface defects are shown in Figures 1-3 .
In Figure 1 (a), it is shown that growth steps with pitches less than 20 nm exist from the left to the right. The step growth was inhibited within a region of about 2 µm around a defect indicated with the arrow. The step pinning causes a triangular terrace of 80 nm width. After KOH etching, we found an etch pit at the same position as the arrow in Figure 1 (a). Figure1 (b) shows the SEM image of the etch pit, which has a roughly hexagonal morphology emerging from a core consistent with a threading dislocation. Figures 1 (c) and 1(d) show STEM images of the core of the Figure1 (b) pit. A threading dislocation is confirmed to exist at the core of the etch pit. This dislocation is a threading edge dislocations (TED), which has only <11-20> component of Burgers vector [4] . 
Summary
We demonstrated that LESEM is able to observe small to large defects on the surface of SiC epitaxial wafers. Results of defect analysis suggest that the shape of the defect is different depending on the kind of the dislocation. LESEM is an effective tool to evaluate defects and dislocations of SiC crystal without destruction. 
